Although it has been suggested that alcohol intake is related to hypertension, few long-term prospective studies have investigated this relationship. We therefore conducted a prospective study in male residents of a farming community in Japan to determine whether heavy drinking would predispose to the development of hypertension. A total of 325 normotensive (< < 140/90 mm Hg) men were enrolled in 1977. Twelve years later, 93 (28.6%) subjects became hypertensive (defined as blood pressure > > 140/90 mm Hg or use of antihypertensive medication). The probability of the development of hypertension in heavy drinkers predicted from a logistic regression equation was 44.6% (relative risk: 2.05 versus nondrinkers) after adjusting for age and body mass index (BMI). It was 36.2% (relative risk: 1.86 versus nondrinkers) after a further adjustment for systolic blood pressure at baseline. A high odds ratio of 2.39 for the development of hypertension with alcohol intake of < < 46 g/day versus > > 46 g/day at baseline was obtained even after adjustments for age, BMI, and confounding factors. We conclude that habitual heavy drinking of alcohol is a risk factor for the development of hypertension. This is the first report demonstrating a significant relationship between habitual alcohol intake and the development of hypertension in a long-term prospective study in Japan. Am J Hypertens 2000; 13:482-487
I ntake of alcohol is a generally accepted behavior, but it has a significant impact on health. Crosssectional investigations have demonstrated a high prevalence of hypertension in drinkers, suggesting a possible contributory role for alcohol intake in the development of hypertension. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Several prospective studies also reported the relationship between alcohol intake and the development of hypertension. [17] [18] [19] [20] [21] [22] [23] [24] However, most of these previous studies included subjects with hypertension at baseline or were performed in a biased population. It is necessary to conduct a study in normotensive subjects at baseline in cohort to clarify the relationship between alcohol intake and the development of hypertension.
Japan is a highly industrialized country; however, many aspects of the social and dietary environment are different from those in Western countries. For instance, there is a low prevalence of obesity, a high prevalence of smoking, a low level of cholesterol, a different type of alcoholic beverage (sake) consumed; and a high prevalence of hypertension. If we were able to show a relationship between alcohol intake and the development of hypertension in a prospective study in Japan, it would provide a piece of epidemiologic evidence. Accordingly, we performed a high response rate population-based epidemiologic prospective survey of 12-years' follow-up in Japanese normotensive men.
MATERIALS AND METHODS
During a periodic epidemiologic survey performed in 1977 in the farming community of Tanushimaru (Kawai and Shibakari residential districts, Tanushimaru, Fukuoka, Japan), we studied 573 men (90.1% of the population), aged 40 to 64 years. Blood pressures at baseline and during the follow-up examination were classified according to the JNC VI criteria. 25 The protocol for the entry and follow-up examinations was similar to the one used in the Seven Countries Study. 26 Dietitians conducted a dietary survey using 24-h dietary recall. We asked the frequency of drinking and the amount of alcohol consumed at each episode of drinking. Then we calculated the amount of drinking per week, which was converted to daily consumption. 27 So-called "social drinkers" were regarded as nondrinkers. Alcohol intake was converted to the equivalent of ethanol using the following values: 4.5% for beer, 40% for liquor, 16% for Japanese sake, and of 25% for Japanese shochu. 28 Ethanol intake was expressed as the average amount of Japanese sake consumed in a day. The consumption of beer, liquor, and Japanese shochu was transformed into sake equivalents on the basis of pure alcohol content. That is, we converted volume to grams of alcohol as follows: one bottle of beer (633 mL) ϭ 22.6 g ethanol, one drink of liquor (68 mL) ϭ 21.6 g ethanol, one cup of Japanese sake (180 mL) ϭ 22.9 g ethanol, and one-half cup of Japanese shochu (90 mL) ϭ 17.9 g ethanol. 29 The amount of alcohol in 100 g of drink was calculated as follows: (0.794/weight of drink) ϫ concentration of alcohol (% content). The respondents were considered to be nondrinkers if they drank less than 0.1 oz (3.0 g) of absolute ethanol/day, light drinkers between 0.1 oz (3.0 g) and 0.80 oz (23 g)/day, moderate drinkers between 0.80 oz (23 g ) and 1.6 oz (46 g)/day, and heavy drinkers more than 1.6 oz (46 g)/day.
The height and weight of each subject were measured, and the body mass index (BMI; kg/m 2 ) was calculated as an index of obesity. Skinfold thickness was measured in the triceps muscle of the arm and in the subscapular area with the use of a subcutaneous fat caliper (Eiyoken, Meico, Tokyo, Japan); the sum of these skinfold measurements was calculated. All blood pressure measurements were done by two or three well-trained cardiologists. Subjects were in the supine position and allowed to rest for at least 5 min. Then three consecutive measurements of the fourthand fifth-phase diastolic pressure were recorded in the right arm. For analysis, we used the third measurement with fifth-phase diastolic pressure. Blood was drawn from the antecubital vein for the determination of serum cholesterol, albumin, and uric acid.
Data are presented as mean Ϯ SE (standard error). Differences among groups were evaluated by analysis of variance (ANOVA). The 2 test was used in evaluating categorical parameters, and in contingency tables to test the differences between and among groups. Because of the association in this study population among age, BMI, and alcohol intake, standardized blood pressure was compared by categories of alcohol intake. Multiple logistic regression analysis was performed with adjustments for age and BMI. Further adjustments for age, BMI, blood pressure, cigarette smoking, and a family history of hypertension were incorporated to investigate the independence of the relationship between alcohol intake and the development of hypertension. Odds ratios were calculated for the development of hypertension between groups that were stratified by alcohol consumption at baseline and follow-up examination, with adjustments for age, BMI, and other confounding factors. Cigarette smoking and a family history of hypertension were applied as dummy variables. Smoking habits were classified into groups of current smokers and of never or former smokers. A family history of hypertension was classified as absent or present. Statistical significance was defined as P Ͻ .05. All analyses were performed using the SPSS system.
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RESULTS
Of the 573 men enrolled, 408 were normotensive and 165 were hypertensive; 325 of the 408 men were again studied in 1989 and 83 were lost to follow-up. Therefore, the follow-up rate in the normotensive men was 79.7%. Of 325 normotensive men in 1977, 232 (71.4%) remained normotensive in 1989.
Cross-Sectional Analysis
The characteristics of the participants at baseline are shown in Table 1 . They were middle-aged normotensive men. Moderate drinkers were the most prevalent. The baseline mean values of systolic and diastolic blood pressure adjusted for age and BMI are shown in Table 2 . We observed a clear dose-response relationship across the four categories. Although they were all normotensive, systolic blood pressure in moderate and heavy drinkers was significantly higher (P Ͻ .05) than in nondrinkers. Ninety-three subjects were hypertensive in 1989 whereas the prevalence of hypertension was 24.6% in nondrinkers, 21.9% in light drinkers, 26.7% in moderate drinkers, and 44.9% in heavy drinkers stratified by drinking habits at followup in 1989. Thus the cross-sectional analysis in 1989 again indicated the high prevalence of hypertension in heavy drinkers.
Longitudinal Analysis in 12-Year Follow-Up
The characteristics of the subjects at the follow-up examination in 1989 stratified by drinking habits at baseline in 1977 are shown in Table 3 . The mean values Ϯ SE in 1989 of BMI (22.7 Ϯ 0.2 kg/m 2 ), sum of skinfolds (23.5 Ϯ 0.7 mm), serum albumin (4.3 Ϯ 0.01 g/dL), and uric acid (5.7 Ϯ 0.08 mg/dL) were not different from those in 1977. However, the mean total cholesterol level increased significantly (P Ͻ .01), from 158.9 Ϯ 1.5 mg/dL in 1977 to 185.2 Ϯ 1.9 mg/dL in 1989 (data not shown). Age, systolic and diastolic blood pressure, and prevalence of hypertensives were statistically significant among four categories (P Ͻ .01).
The predicted probabilities of the development of hypertension at the follow-up examination in 1989 stratified by drinking habits at baseline in 1977 are shown in Table 4 . The predicted probabilities were computed from the logistic regression equation. A clear dose-response relationship between alcohol habit at baseline and the probability of development of hypertension was observed after adjusting for age and BMI. The relative risk of the development of hypertension in the heavy drinkers versus the nondrinkers was 2.05. After further adjustment for systolic blood pressure, the high relative risk (1.86) still remained.
We divided the subjects into two groups according to alcohol intake at baseline; group L (n ϭ 256) and group H (n ϭ 69) consisted of drinkers who consumed less than and more than 46 g of alcohol per day, respectively. Then, the odds ratios for the development of hypertension between group L and group H were calculated after adjusting for age, BMI, and confounding factors (Table 5) . High odds ratios were demonstrated after adjustments for age and BMI. Even after further adjustments for systolic and diastolic blood pressure at baseline, a family history of hyper- tension, and cigarette smoking, high odds ratios still remained. Because subjects may have changed their drinking habits during the 12-year follow-up, we investigated the effects of continued heavy drinking on the development of hypertension. Subjects in group L at baseline who remained in group L in 1989 were defined as group LL (n ϭ 228). Similarly, subjects in group H at baseline who remained in group H in 1989 were defined as group HH (n ϭ 41). Then, odds ratios for the development of hypertension in group HH versus group LL were calculated with adjustments for age, BMI, and confounding factors, as shown in Table 6 . High odds ratios were demonstrated after adjustments for age and BMI. After further adjustments for systolic and diastolic blood pressure, a family history of hypertension, and cigarette smoking, high odds ratios still remained.
DISCUSSION
The present study provides the first evidence that habitual heavy drinking predisposes to the development of hypertension in Japanese normotensive men at baseline.
Population Characteristics
Our population-based health examinations were carried out in 1977 and in 1989 in Tanushimaru, in one of the original cohorts of the Seven Countries Study. 26 Tanushimaru is located on the island of Kyushu and the local lifestyles are typical of the Japanese. The dietary and social environment in Japan was and has been much different from that in Western countries. As shown in Tables 1 and 2 , people are neither obese nor malnourished. Their cholesterol levels were low, though they have been climbing recently. Although we did not show data for salt intake, an average salt intake in the period 1970s through 1980s was high, 13.5 g/day, and it is 13.0 g/day currently. 31 The prevalence of smoking was high in men and is still high. Although the prevalence of drinking and the amount of alcohol consumption may not be different from those in Western countries, most Japanese consume sake (rice wine) but not hard liquors. Accordingly, we hypothesized that heavy drinking is a risk factor for the development of hypertension even in this different environment, and thus performed a prospective study to address the issue.
Cross-Sectional Analysis
In 1977, there was a clear dose-related relationship between alcohol intake and the level of blood pressure though the subjects were all normotensive. In 1989, the prevalence of hypertension increased as the consumption of alcohol increased. Higher blood pressure in heavier drinkers was demonstrated after adjustments for age, BMI, and confounding factors. Thus, our cross-sectional analysis confirmed not only a doseresponse relationship between the amount of alcohol consumption and the blood pressure level, but also a high prevalence of hypertension among heavy drinkers, which had been reported by others. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Two other cross-sectional studies 15, 16 reported from Japan are also in agreement with ours. Thus, the present and other cross-sectional analyses suggest the contributory role of alcohol intake in the development of hypertension.
Hypertensive medication was used less often by heavy drinkers, though this was not statistically significant; it might result from poor compliance. It is reasonable to assume that heavy drinkers are less concerned about their health.
Prospective Analysis
Data collected in prospective studies 18 -24 are all in agreement with the close relationship between heavy drinking and the development of hypertension, except for the Honolulu heart study. 17 However, as preexisting hypertensive participants were enrolled in some studies and biased populations in others, their results may have been influenced by these confounders. We enrolled only normotensive subjects in a general population. We demonstrated the high prevalence of developing hypertension in normotensive heavy drinkers at entry into the prospective study. Because drinking habits may change over a long time, we investigated the effects of continued drinking (group HH) on the development of hypertension. Again, the odds ratios for the development of hypertension were high between group LL and group HH even after adjustments for confounding factors. Thus, our findings indicate that habitual heavy drinking does increase the risk of developing hypertension. Although there may be benefits from abstinence from alcohol consumption, we did not address this issue because of the small number of subjects in that group.
Several limitations are present. One is the way we evaluated alcohol intake, which was determined only from the participants' own reports. Heavy drinkers are likely to report a smaller quantity of alcohol consumption. Another limitation is that information on salt intake 32 and exercise was not evaluated. In conclusion, habitual heavy drinking was predictive of the development of hypertension in Japanese normotensive men.
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